The use of immune checkpoint inhibitors (ICIs) is rapidly expanding to the treatment of many cancer types, both in the metastatic setting and as an adjuvant to other therapies. Clinical trials using ICIs have largely excluded patients with preexisting autoimmune diseases due to concerns for increased toxicity. However, emerging evidence shows that ICIs may be considered in some patients with autoimmunity. This review discusses the commonalities between clinical autoimmune diseases and ICI-induced immunotherapy-related adverse events, and summarizes the existing case series that describes patients with solid tumors who have a preexisting autoimmune disease. This review also discusses which patients with autoimmunity could be considered reasonable candidates for ICI therapy.
Background
Immune checkpoint inhibitors (ICIs) have dramatically altered cancer therapy. The ICI-class drugs include anti-PD-1 (nivolumab, pembrolizumab, cemiplimab), anti-PD-L1 (atezolizumab, durvalumab, avelumab), and anti-cytotoxic T lymphocyte-associated antigen (CTLA-4) agents (ipilimumab, tremelimumab). The PD-1/PD-L1 and CTLA-4 pathways provide negative feedback to naturally downregulate appropriate immune responses and also guard against inappropriate or autoimmune responses. In a tumor, these pathways can be hijacked by the cancer cells to promote continued proliferation and survival of the neoplastic cells. T cells found in the tumor microenvironment are frequently exhausted and ineffective against the tumor.
1 These exhausted T cells exhibit increased expression of inhibitory receptors, such as PD-1 and CTLA-4, and also have decreased secretion of stimulatory cytokines, such as interleukin-2. 2, 3 Tumor cell expression of PD-L1 engages the PD-1 receptor on T cells, promoting a shift toward inhibition and exhaustion. Interference with these inhibitory pathways using ICIs can result in restoration of tumor-directed immune responses, and ICIs have shown clinical benefit in several cancer types. ICI agents are now FDAapproved for the treatment of multiple metastatic solid tumors, including melanoma, non-small cell lung cancer (NSCLC), urothelial cancer, and many other malignancies, and are increasingly being investigated as perioperative or consolidation regimens for many of these cancers.
ICIs have an adverse effect profile that often mimics the phenotype of autoimmune disorders. Mechanistically, it has been presumed that ICI adverse events are a direct result of removing the physiologic inhibition that is preventing subclinical autoreactivity and excessive immune responses. Patients with autoimmune disease have historically been excluded from most ICI clinical trials because of the potential for increased toxicity. There are also concerns that ICIs will have decreased efficacy in these patients because of baseline immunosuppression. It is unknown, however, whether these concerns are justified based on data; the actual mechanism of ICI-induced toxicities remains poorly defined, as does the exact mechanism of several autoimmune disorders. Perhaps patients with underlying autoimmune disorders would have a greater benefit from ICIs because of a propensity for immune stimulation. In patients with allogeneic stem cell transplants, a small amount of graft-versus-host disease (GVHD) is desirable to ensure graft-versus-leukemia effect; there have been early encouraging results with ipilimumab in the setting of posttransplant extramedullary relapse. 4 In melanoma, patients treated with PD-1 inhibitors (nivolumab or pembrolizumab) who had cutaneous immunotherapyrelated adverse events (irAEs), particularly vitiligo, did have a significantly longer overall survival, 5, 6 and in patients with NSCLC who initially had no response to ICI but developed ICI toxicity, resuming ICIs after resolution of irAEs could convert a number of patients to objective responders. 7 It is not clear, however, that this translates to all tumor types treated with ICIs. This article reviews the application of ICI therapy to patients with solid tumors and preexisting autoimmune disorders. We summarize the current knowledge around the pathophysiology of irAEs, provide an overview of case series to date on patients with preexisting autoimmune disorders receiving ICIs in the context of solid tumors, and discuss expert advice on considering ICI therapy in the context of preexisting autoimmune disorders.
Pathophysiology of irAEs and Autoimmune Disorders
Common Manifestations of irAEs irAEs related to ICIs are thought to be the result of an autoreactive immune response against nonmalignant tissues. Although this can result in clinical manifestations similar to those of cytotoxic chemotherapy, such as elevated transaminases, irAEs are mechanistically distinct. irAEs may not resolve from holding the ICI alone and require prompt recognition and potential intervention with steroids and/or additional immunosuppression to prevent morbidity and mortality. Common sites of irAEs include the skin, liver, thyroid, and gastrointestinal tract, but any organ system can be affected, and patients may experience multiple irAEs. Discontinuation of ICI therapy and prompt institution of immunosuppression with systemic steroids usually addresses most moderate to severe irAEs, but occasionally the addition of other immunosuppressive agents, such as infliximab or mycophenolate mofetil, is needed. 8, 9 Rarely, irAEs can target the muscle, heart, or central nervous system, and these systems are generally associated with a higher rate of steroid-refractoriness and mortality. 10, 11 A more comprehensive consideration of irAE prevalence, diagnosis, and treatment is provided in the recent update to the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Management of Immunotherapy-Related Toxicities 12 and the review by Michot et al. 13 Common Themes in PD-1, PD-L1, and CTLA-4 Between Autoimmunity and irAEs
There are currently no clinically useful biomarkers that preemptively identify patients who will experience severe irAEs. This lack of predictability adds to the uncertainty of considering ICI therapy for patients with known or presumed autoimmune disease. Current understanding of the pathophysiology of autoimmunity suggests that both PD-1/PD-L1 and CTLA-4 pathways can be important in these disorders. Preclinical mouse models have shown a role for the PD-1 pathway in the pathogenesis of inflammatory bowel disease, rheumatoid arthritis (RA), autoimmune myocarditis, and rheumatological disorders, such as systemic lupus erythematosus (SLE). 14 Polymorphisms in CTLA-4/CD86 have been associated with autoimmune hepatitis, Graves' disease, increased risk for acute GVHD after allogeneic stem cell transplant, and increased incidence of a variety of different cancers including leukemia. [15] [16] [17] [18] [19] Similarly, certain polymorphisms in PD-1 have been associated with increased risk of acute GVHD and RA. 20, 21 DNA methylation of genes involved in PD-1/ PD-L1 expression and the interferon-gamma pathway have also been implicated in both ICI response and susceptibility to SLE. [22] [23] [24] It has also been noted that CTLA-4 is expressed on some normal tissues, such as the pituitary gland, and that direct binding of the ICI to this receptor followed by a complement-mediated immune response may also result in organ-specific toxicity.
25,26

Additional Shared Features Between Autoimmunity and irAEs
Common shared features between autoimmunity and irAEs are not restricted to direct links to PD-1/PD-L1 and CTLA-4 receptors. Autoreactive antibodies are also commonly associated with autoimmune disorders, such as Graves' disease, myasthenia gravis, and SLE, and have also been associated with ICI toxicity, particularly with endocrinopathies, such as hypothyroidism and hypophysitis. 26, 27 There also seems to be a role for autoreactive T cells in both autoimmunity and irAEs. T cells that target tumor antigens may have homology for other off-target antigens that are present in normal tissues. This has been shown in the pmel-1 CTLA-4
2/2 mouse model, which has T cells engineered to target an antigen in melanoma and a deficiency in the CTLA-4 receptor. These mice develop vitiligo in a manner similar to that seen in some patients with melanoma treated with ipilimumab (CTLA-4 inhibitor), which suggests potential antigen cross-reactivity.
It has also been hypothesized that in ICI-induced myocarditis, patients have T cells with specificity to a tumor antigen that has homology to muscle antigens, such as desmin or troponin. 29 Given these similarities, it is reasonable to be concerned that an ICI could exacerbate an underlying autoimmune disorder.
Timing of Severe irAEs
In patients without autoimmunity, anti-PD-1/PD-L1 agents and CTLA-4 inhibitors are associated with some degree of toxicity in most patients, with up to one-third experiencing serious (grade 3/4) toxicity. Some patients who experience serious irAEs are able to resume ICI therapy after a temporary hold, but many require permanent discontinuation. Ipilimumab monotherapy (at 3 mg/kg) is associated with a higher rate of permanent discontinuation (16%) compared with monotherapy with anti-PD-1/PD-L1 agents (#12%) ( Table 1) . [30] [31] [32] [33] [34] [35] [36] [37] [38] The combination of PD-1 and CTLA-4 blockade results in much higher rates of grade 3/4 toxicity (46%-59%), but also results in higher rates of response. Fatal events related to ICI toxicity are rare, but tend to occur relatively early in the disease course; a meta-analysis of fatal events noted that the median time to fatal irAE onset was 15 days after ICI initiation. 39 Based on this, it seems reasonable to hypothesize that patients who develop early and severe toxicity had an underlying predisposition, which again raises concerns about giving these agents to patients with a known predisposition to autoimmunity. However, as discussed herein, emerging evidence shows that ICIs may be reasonably safe in some patients with autoimmune disease.
Literature Experience With ICIs in Patients With Autoimmune Disorders
Because of concerns about potential toxicity and compromised efficacy, patients with preexisting autoimmunity have been largely excluded from prospective randomized trials, such as those summarized in Table 1 . Available information comes mostly from retrospective case series, which reflect selection and confounding biases toward relatively lower risk autoimmune disorders. Table 2 summarizes the 8 largest retrospective case series that specifically evaluated patients with preexisting autoimmunity who underwent treatment with ICIs. [39] [40] [41] [42] [43] [44] [45] [46] [47] Most of the case series evaluated PD-1/PD-L1 blockade, but 4 included patients treated with ipilimumab. 40, 44, 46, 47 No patients in these series received dual blockade with ipilimumab/nivolumab. These case series have attempted to differentiate between an exacerbation or flare of the patient's known underlying autoimmune disorder versus a de novo irAE. The patients in these case series had a wide variety of autoimmune disorders, making it difficult to draw conclusions about safety in regard to a specific disorder. This variety does allow a few attempted generalizations about the use of ICIs in the setting of autoimmunity, however. The patients in these studies had well-controlled autoimmune disorders, and the rate of baseline systemic immunosuppression ranged from 16% to 44% in all but 1 study. [40] [41] [42] [43] [44] [45] [46] irAEs and autoimmune exacerbations occurred in a minority of patients. Up to 42% of patients in the largest of the case series developed a flare of their known underlying autoimmune disorder, 40 but unrelated irAEs were also seen. A number of patients developed neither a flare of the underlying autoimmune disorder nor a new unrelated irAE. This suggests that although PD-1/PD-L1 and CTLA-4 interactions play a role in the pathogenesis of autoimmunity, there are likely other factors that contribute to both autoimmune conditions and the development of irAEs.
CTLA-4 Inhibitor Experience in Patients With Autoimmunity
Most case series evaluated PD-1/PD-L1 inhibitors rather than CTLA-4 inhibitors. The 2 case series that exclusively evaluated patients with autoimmunity receiving ipilimumab (anti-CTLA-4) were notable for relatively higher rates of irAEs. All patients in the ipilimumab case series who developed irAEs had grade 3-5 (severe) irAEs, 44, 47 and the Mayo Clinic case series in which a significant proportion of patients were treated with ipilimumab also showed a greater frequency of severe toxicity. 46 Permanent discontinuation of ICIs due to toxicity was also higher in the ipilimumab case series. The largest ipilimumab case series by Johnson et al 44 did not note a rate of permanent discontinuation due to toxicity, but the smaller case series had high rates of discontinuation. 46, 47 The ipilimumab case series were notable for a significant proportion of patients being on baseline systemic immunosuppressive therapies at the time of ipilimumab initiation, suggesting more severe autoimmune disorders, and this arguably could have adversely influenced the rate of ipilimumab discontinuation.
PD-1/PD-L1 Inhibitors in Patients With Autoimmunity
Compared with the ipilimumab series, the PD-1/PD-L1 studies [40] [41] [42] [43] 45 reported rates of toxicity and permanent discontinuation that are comparable to those associated with use of these agents in patients without autoimmune disease. However, most patients in the case series with PD-1 inhibitors had autoimmune disorders such as RA, psoriasis, and thyroiditis; these series included significantly smaller numbers (generally 1-2) of patients with other autoimmune disorders, such as SLE, myasthenia gravis, and vasculitis. Although RA and psoriasis can be associated with significant morbidity, exacerbations of these disorders are generally not associated with a high rate of mortality. By contrast, disorders such as myasthenia gravis may be life-threatening. Myasthenia gravis that develops as an irAE in patients without preexisting autoimmunity usually requires prolonged hospitalization for management and has a relatively high rate of mortality. 10 For patients with preexisting myasthenia gravis, multiple case reports describe ICIs exacerbating the condition and resulting in prolonged hospitalization for management of respiratory failure and the sequelae of neuromuscular weakness. [48] [49] [50] In patients with potentially life-threatening autoimmunity, ICI therapy may be hazardous. By comparison, patients with disorders such as RA and thyroiditis may be considered for ICI therapy; only a minority develop toxicity or autoimmune exacerbation requiring immunosuppressive treatment.
Patients With Autoimmunity on Baseline Immunosuppression and ICIs
There have been concerns that baseline immunosuppression at the time of ICI initiation or the need for immunosuppression to treat an irAE may decrease the efficacy of ICIs. A retrospective analysis of ICI therapy in patients with NSCLC with a baseline dose of $10 mg/d of prednisone revealed lower response rates, progressionfree survival, and overall survival compared with those treated with ,10 mg/d of prednisone. 51 Indications for prednisone in this study predominantly included fatigue, anorexia, dyspnea, and brain metastases, and the autoimmune population was not specifically considered. Patients with autoimmunity are frequently undergoing baseline treatment with steroids or other immunomodulatory agents. In the case series by Menzies et al, 42 a trend toward more frequent autoimmune exacerbations was noted in patients receiving immunosuppression for an autoimmune condition at the time of ICI initiation. It was also noted that these patients were less likely to experience response to ICI. A similar trend was noted by Tison et al, 40 who reported lower progression-free and overall survival in patients receiving baseline immunosuppression.
Regarding the use of steroids for treatment of irAEs, a retrospective analysis of patients with melanoma without autoimmune disease who developed irAEs with ipilimumab and received steroids did not show any deleterious impact on ICI efficacy. 52 In Tison et al, 40 patients with an irAE or autoimmune exacerbation had longer progression-free and overall survival, but the initiation of steroids for treatment reversed this benefit. However, Leonardi et al 41 reported no correlation between steroid initiation for toxicity and progression-free or overall survival, and 3 of the other case series noted no correlation between development of irAE or autoimmune exacerbation and disease response. 42, 45, 53 Initiation of ICI Therapy in the Autoimmune Population: Recommendations Based on the limited safety data from the case series, NCCN has made recommendations regarding which patients may be appropriate for considering ICI therapy in the setting of preexisting autoimmune disease. 12 Patients with neurologic autoimmune disease, such as myasthenia gravis, or life-threatening autoimmune disease may not be considered good candidates for ICI therapy. Patients receiving high levels of immunosuppression for autoimmune disease control should also be approached with caution; these patients may be very difficult to manage if and when they develop toxicity, and, as discussed earlier, high doses of immunosuppression at the time of ICI initiation may compromise ICI efficacy.
Potential patients with preexisting autoimmune disease who could be considered for ICI treatment include those with a non-life-threatening autoimmune disease who have good control on either no immunosuppression or relatively low levels of immunosuppressive therapy (Table 3) . We recommend involvement of a multidisciplinary team that includes the patient's autoimmune disease specialist in the decision to initiate ICI therapy. The autoimmune disease specialist can provide an expert opinion on the mechanisms of the underlying autoimmune toxicity, relative control and severity of the patient's underlying autoimmune disorder, assistance in tapering immunosuppression, and recommendations on the management of an autoimmune exacerbation. Avoiding systemic immunosuppression by choosing more targeted treatment of the autoimmune disorder, such as vedolizumab for inflammatory bowel disease, may allow patients to receive ICI therapy while still maintaining good control of the underlying autoimmune condition. 54 The case series data favor use of PD-1/PD-L1 targeted therapy over CTLA-4-targeted therapy in patients with underlying autoimmunity; patients with autoimmune disease who received ipilimumab had a higher frequency of moderate to severe irAEs. 44, 47 We also recommend avoiding dual blockade with a combination of PD-(L)1/CTLA-4 agents or high-dose (10 mg/kg) ipilimumab because of much higher rates of toxicity in the general patient population (Table 1 ). The patient's underlying autoimmune predisposition and the irAE profile of a given ICI could also be considered; however, more data are needed for this assessment. 39 Evaluation of the broader family history may unveil potential genetic predisposition to autoimmune conditions and irAEs. Finally, we recommend careful assessment of the potential risks of irAEs versus the potential benefits of treating malignancy for each individual patient. The risk/ benefit ratio of ICI therapy in patients with autoimmunity may be less favorable in the adjuvant setting. 53, 55, 56 Future research into the mechanisms and etiology of autoimmunity and tumor-directed immune response will provide guidance for minimizing ICI toxicity while maximizing therapeutic benefit. Allogeneic stem cell transplant for hematologic malignancies illustrates the importance of immune cell recognition of self-antigens for effective cancer therapy. Strong immune response to self-antigens may lead to GVHD, but no response to selfantigens results in loss of graft-versus-leukemia effect. 57 In the same way, we must develop a balance of ICI toxicity with efficacy, because some degree of self-antigen recognition is likely needed for tumor response. Given the increasing use of ICI for a variety of tumor types, future prospective trials specifically evaluating patients with known or presumed autoimmunity may provide a more comprehensive perspective on the safety of ICIs in this population.
Conclusions
Preexisting autoimmune disorders are not an absolute contraindication to ICI therapy, but use of ICIs in these patients merits a thoughtful approach. A multidisciplinary discussion should occur between the oncologist, autoimmune specialists, and other team providers. A balance of the risks and benefits to the patient, the availability of alternative therapies, and patient preferences should be considered. Finally, it is important to continue to expand understanding of the pathogenesis of irAEs and improve the ability to predict and manage irAEs. Enrollment in prospective registries, databases, and biorepositories and use of interdisciplinary irAE tumor boards will allow clinicians to better capture, analyze, and disseminate comprehensive data that will inform clinical decisions regarding the safety and efficacy of ICI therapy for a given patient. Disclosures: Dr. Bhatia has disclosed that he serves on the scientific advisory board for EMD-Serono, Sanofi-Genzyme, and Bristol-Myers Squibb, and that he receives grant/research support from EMD-Serono, Merck & Co., Inc., BristolMyers Squibb, NantKwest, Novartis, and Immune Design. Dr. Grivas has disclosed that he has received consulting fees/honoraria from Bayer, Merck & Co., Pfizer, Bristol-Myers Squibb, AstraZeneca, Clovis Oncology, EMD Serono, Driver Inc., QED Therapeutics, Heron Therapeutics, and Janssen, and he has received grant/research support from AstraZeneca, Pfizer, Clovis Oncology, Bavarian Nordic, and Immunomedics. The remaining authors have disclosed that they have no financial interests, arrangements, affiliations, or commercial interests with the manufacturers of any products discussed in this article or their competitors. 
